Background/Aims: Osteoporosis is a metabolic bone disorder that tortures about millions of people worldwide. Recent study demonstrated agents derived from picrasma quassioides is a promising drug for targets multiple signaling pathways. However its potential in treatment of bone loss has not been fully understood. Methods: The bone marrow macrophages (BMMs) were cultured and induced with M-CSF and RANKL followed by picrasidine I (PI) treatment. Then the effects of PI on osteoclast formation were evaluated by counting tartrate-resistant acid phosphatase (TRAP)-positive multinucleated cells. Moreover, effects of PI on bone resorption activity of mature osteoclast were studied through bone resorption pit counting and actin ring structure analysis. Further, the involved potential signaling pathways cross-talking were investigated by performed Western blotting and quantitative real-time PCR examination. Results: Results demonstrated PI strongly inhibited RANKL induced osteoclast formation from its precursors. Mechanistically, the inhibitory effect of PI on osteoclast differentiation was due to the suppression of osteoclastogenic transcription factors, c-Fos and NFATc1. Moreover, PI markedly blocked the RANKL-induced osteoclastogenesis by attenuating MAPKs and NF-κB signaling pathways. In addition, PI decreased the ROS generation in osteoclast and osteoblast.
Introduction
Osteoclasts (OCs) are multinucleated bone-resorbing cells that are unique in their ability to degrade mineralized matrices, such as bone and calcified cartilage [1] . Although many systemic hormones and local cytokines participate in regulating osteoclast differentiation (osteoclastogenesis), the receptor activator of NF-κB (RANK) ligand (RANKL) is the most critical molecular for osteoclastogenesis in cooperation with macrophage colony-stimulating factor (M-CSF) in the interaction between stromal cells and cells of the OCs lineage [2, 3] . Binding of RANKL to cell surface receptor RANK sequentially activate downstream signaling molecules including: the nuclear factor-κB (NF-κB) and mitogen activated protein kinases (MAPKs) [4] . The MAPK family includes p38, signal-regulated kinase (ERK) and c-jun-Nterminal kinase (JNK) [5] . Activation of MAPKs signaling further up regulates the expression of c-Fos, which in turn, activation of nuclear factor of activated T cells c1 (NFATc1) [6] [7] [8] . Moreover, previous study reported that small amounts of reactive oxygen species ROS acts as secondary messengers and activates JNK and p38 signalling pathways [9] . RANKL stimulation in OCs precursors increases the ROS generation mediated through TRAF6, Rac1, and NADPH (nicotinamide adenine dinucleotide phosphate) oxidase 1 (Nox1) and further enhances the osteoclastogenesis [10] .
Recently, compound screening for plant-derived natural products exhibit minimum side effects and are available in cost effective manner, therefore a number of research groups have carried out screening for osteoclastogenesis, which has gained considerable attention [11] . Picrasidine I (PI) is a primary active constituent of traditional Chinese medicine from picrasma quassioides [12] . Previously, it has been reported that agent derived from picrasma quassioides has anti-inflammatory properties and exerts beneficial effects in the cerebral [13] . Moreover, most recent studies have demonstrated picrasidine N and picrasidine G target multiple signaling pathways, such as: PARP-1and EGFR/STAT3 signaling pathway [14, 15] . However, the effects of PI on ROS which cross talking in the process of RANKL-stimulated osteoclastogenesis and the influence of PI on osteogenic have not been investigated. Herein, we aimed to deeply explore the effects of PI on signaling pathway involved in osteoclastogenesis and its underlying molecular mechanisms in vitro.
Materials and Methods
Ethics approval and consent to participate All animal care and experimental procedures were approved by Animal Care Committee of HongHui Hospital, Xi'an Jiaotong University College of Medicine (Animal Ethics Approval #1002016019) and conducted strictly followed by "the institutional guidelines for the care and use of laboratory animals at the Jiaotong University College of Medicine ".
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Cellular Physiology and Biochemistry 5′-CTGGTGCAGCCCACTCTGGTC-3′  5′-CTTTCAGCAGATTGGCAATCTC-3′   NFATc1  5′-CTCGAAAGACAGCACTGGAGCAT-3′  5′-CGGCTGCCTTCCGTCTCATAG-3′   GAPDH  5′-TCA AGA AGG TGG TGA AGC AG-3′ 5′-AGT GGG AGT TGC TGT TGA AGT-3′   [16] . Briefly, RAW264.7 cells were cultured in DMEM, BMMs and MC-3T3-E1 cells were cultured in α-MEM. Medias were supplemented with 10% fetal bovine serum, penicillin and streptomycin. Then BMMs were cultured in the presence of M-CSF (20 ng/ml) and RANKL (40 ng/ml) for 4 days in the presence or absence of P I (0, 2, 10 or 20 μM ). The multinucleated cells (more than 3 nuclei) were counted using phage contrast microscope at 100× magnification. Cell images were obtained using a digital camera attached to a Nikon ECLIPSE TE2000-S microscope (Nikon, Tokyo, Japan).
Cell viability assays, cytotoxicity assay and cell apoptosis assay Cytotoxicity of PI on BMMs were performed as our previously described [17, 18] . Briefly, BMMs were seeded at a density of 3.5×10
3 cells per well in 96-well plates with various concentrations of PI and incubated for 3 d in the presence of RANKL. XTT solution was added to each well and incubated for 4 h. The plate was read at 450 nm. Meanwhile, after the PI treatments, the released LDH collected by culture supernatants. Subsequently, measured by an enzymatic assay, which is based on a color change at 490 nm according to manufacturer's instruction. Cell apoptosis were assessed by TUNEL assay kits according to manufacturer's instruction, and number of apoptotic cells were count by fluorescent microscopy (LSM700, Carl Zeiss, Oberkochen, Germany). Relative fluorescence was determined using a multi-detection microplate reader (485 nm excitation and 535 nm emission).
Bone absorption assay and Fibrous actin ring immunofluorescence
Mature OCs function evaluated by bone absorption assay [19] and F-actin ring immunofluorescence as previously described respectively [17] . Briefly, cells were treated with 50 ng/ml RANKL on 6-well plates pre-coated with collagen for 4 days. Here, 2.5 mg/ml collagenase in dissociation buffer was used to collect mature osteoclasts, which were seeded onto a Corning OsteoAssay Surface (Newyork, US) in a multiple-well plate. Mature OCs were then treated with various concentrations of PI or vehicle in the presence of RANKL (40 ng/ml) for 3 days. Five percent sodium hypochlorite was used to wash the disc for 5 min. The resorption area was quantified using image analysis (Olympus Soft Imaging Solutions, Munster, Germany). One day later, the cells were fixed in 3.7% formalin for 20 min, permeabilized with 0.1% TritonX-100 for 15 min, incubated with 0.25% bovine serum albumin for 30 min, the cells were stained with DAPI for 2 min and then photographed using fluorescence microscope (Nikon) at ×200 magnification.
Quantitative real-time reverse transcription polymerase chain reaction (RT-PCR)
Total RNA was isolated from cell culture via QIAzol reagent (QIAGEN, Valencia, CA, U.S.A.) according to the manufacturer's instructions RNA (1 μg) was reverse transcribed using oligo dT primers (10 μg) and dNTPs (10 mM). The mixture was incubated at 65 °C for 5 min, and cDNA was produced by incubating at 42 °C for 50 min with first strand buffer (50 mM Tris-HCl, pH 8.3, 75 mM KCl, 3 mM MgCl 2 ), 100 mM DTT, RNase inhibitor, and Superscript II reverse transcriptase (Invitrogen). The specific primers used to amplify genes were presented in Table. 1. The mouse GAPDH gene was used as internal control.
Western blotting
Cells treated for the indicated days with various concentrations of PI were washed with cold PBS and lysed with radio immune precipitation assay (RIPA) buffer plus phenylmethylsulfonyl fluoride (PMSF). Cell lysates were centrifuged at 12, 000 rpm for 10 min, and supernatants were collected as samples. Protein (30 mg) was separated on 10% SD PAGE and transferred to polyvinylidene fluoride (PVDF) membranes. The membranes were blocked with 5% skim milk in TBST containing 0.05% Tween-20 and probed successively with anti NFATc1, c-Fos antibodies overnight at 4 °C. Horseradish peroxidase-conjugated rabbit anti- 
Immunofluorescence analysis
Appropriately treated RAW 264.7 cells grown on glass coverslips were fixed with 4% paraformaldehyde, air-dried, and stored at -20°C until use. Cells were washed with PBS, and blocked in 10% non-immune goat serum for 1 h at room temperature. Then cells were incubated with mouse monoclonal antibody against NF-κB p65 or IgG isotype control antibody at a final dilution of 10 ug/ml at 4°C overnight washed twice with tris-buffered saline followed by incubation with TRITC-conjugated goat anti-mouse IgG (1:100) or FITCconjugated rabbit anti-goat IgG (1:100) for 1 h at room temperature. Nuclei were stained with DAPI, and coverslips were mounted on a microscope slide with embedding medium.
ROS products measurement
Intracellular ROS generation was measured as previously described [20] . The RAW264.7 and MC-3T3-E1 cells were seeded into a 96-black well plate for 24 h. After pretreatment with the indicated concentrations of P I (5 and 20 μM) for 6 h, cells were induced by RANKL (40 ng/ml ) for 10 min and H 2 O 2 (250 uM ) for 2 h respectively. After treatment, cells were incubated with 10 uM of cell permeant reagent 2',7'-dichlorofluorescein diacetate (DCF-DA) at 37°C for 15 min. The ROS mediated oxidation of DCF-DA to the fluorescent compound 2',7'-dichlorofluorescein (DCF) was monitored by fluorescence microscopy and Multimode Plate Reader (Spectra Max M4, Molecular devices, USA) at excitation (498 nm) and emission (530 nm).
Statistical Analysis
Differences among groups were statistically analyzed using one-way ANOVA; Bonferroni's multiple comparison test was used as post-test analyses. P < 0.05 was considered to be significant. Data are reported as mean ± SEM for each group.
Results

PI Inhibits RANKL-Induced OCs Differentiation without significant toxic effects
To assess the effect of PI on OCs differentiation, we induced osteoclastogenesis in BMMs in the absence or presence of PI at concentrations as indicated. After induced by M-CSF and RANKL in the culture, OCs started to form as shown by the presence of TRAP-positive multinucleated cells. However, administration with PI strongly inhibited OC formation with the respect of size and number respectively ( Fig. 1B; Fig. 1C) . Because the suppressive effect on osteoclast formation might have been due to cytotoxicity of this compound, we used the XTT, LDH and TUNEL assay on BMMs cultured with various doses of PI for 3 d. At the concentrations used in this study, PI did not exert cytotoxic effects ( Fig. 1E; Fig. 1F ).
PI decreases OCs activity and function in vitro
Pit formation assays were performed to assess OCs activity. Mature OCs were seeded on an osteo assay surface in the presence of RANKL and treated with different concentrations of PI. As results shown that PI inhibits bone resorption activity of OCs ( Fig. 2A: a-d; Fig. 2B ). Moreover, actin ring structure is a characteristic cytoskeletal feature of functional OCs [21] . Therefore, we examined whether PI affects actin ring structure of mature OCs. In mature OCs on tissue culture plates, F-actin was arranged into a ring-like structure (actin ring) at the cell periphery. Treatment of PI caused both shrinkage of mature OCs and disruption of actin ring structure in a dose-dependent manner ( Fig. 2A: e-h; Fig. 2C ). [22] . To clarify the molecular mechanism of inhibitory effects of PI on osteoclastogenesis, the expression levels of c-Fos and NFATc1 were examined via real-time PCR and immunoblotting assay, respectively. As shown in Fig. 3 , the mRNA levels of c-Fos and NFATc1 were significantly increased by RANKL stimulation. However, with the administration of PI, the mRNA expression of c-Fos and NFATc1markedly decreased. Correspondingly, PI treatment also significantly reduced RANKL-induced expression of c-Fos and NFATc1 at protein levels.
PI inhibits RANKL-induced expression of NFATc1 and c-Fos c-Fos and NFATc1 are two key transcription factors in OCs differentiation
Effects of PI on RANKL-initiated MAPKs activation
As previously reported, activation of the MAPKs/c-Fos/NFATc1 pathway plays a pivotal role in osteoclastogenesis [23] . To evaluate the effects of PI on MAPKs following the stimulation of RANKL in BMMs, we employed three MAPK specific inhibitors (U-0126, SB-203580 and SP-600125) to investigate the role of PI inhibitory effects on phosphorylation of p38, JNK, and ERK, respectively. Our results showed that PI significantly inhibited RANKLinduced phosphorylation of p38, JNK and ERK (Fig. 4) . These results indicate that MAPKs/cFos/NFATc1 partly involved in the cross-talking of PI inhibitory effects on RANKL-induced osteoclastogenesis. Effects of PI on RANKL-activated IκB/NF-κB signaling pathways RANKL-induced NF-κB activation is essential in initiating OCs differentiation [24] . To further explore the mechanisms of PI inhibited NF-κB-mediated osteoclastogenesis, we employed two different methods (Western blotting and immunofluorescence staining). As shown in Fig. 5 , in the absence of RANKL, most p65 units were located in the cytoplasm, Fig. 5 . Effects of PI on RANKLactivated IκB/NF-κB signaling pathway. (A) Immunofluorescence staining was performed to locate NF-κB p65 (red). Nuclear counterstaining was performed using DAPI (blue). (B) RAW 264.7 cells were pretreated by PI (0, 2, 10, 20 μM) for 2 h, and then treated with 100 ng/ml RANKL for 30 min. Total, cytoplasmic, or nuclear protein was extracted, and subjected to Western blot analysis using antibodies against phospho-IκB, IκB, NF-κB p65, or actin. Similar results were obtained in at least 3 independent experiments. Similar results were obtained in at least 3 independent experiments.
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Cellular Physiology and Biochemistry which was unphosphorylated and inactive. Upon RANKL stimulation, almost all p65 units were located in the nucleus. However, the RANKL induced p65 nuclear translocation was blocked when pretreated with PI. Both two methods indicated that PI could inhibit RANKLmediated activation of the NF-κB pathway.
PI decreases the release of ROS
As ROS is a key intracellular mediator for signaling pathways cross talking in osteoclastogenesis, we examined ROS production in RANKL stimulated RAW264.7 and H 2 O 2 stimulated MC-3T3-E1 cells with the cell permeant oxidation-sensitive dye DCF-DA. The present study indicates PI pretreatment effectively inhibited the RANKL and H 2 O 2 induced ROS production both in OCs and OBs (Fig. 6 ).
Discussion
The maintenance of bone mass is severely affected in osteoporotic patients and other bone disorders and can have multiple etiologies. OCs differentiation (osteoclastogenesis) is frequently caused by excessive RANKL signaling which has been a valuable target for the treatment of pathological bone loss [19] . The present study of PI effects on osteoclastogenesis has revealed novel mechanisms of this natural plant for a potentially therapeutic application in treating bone loss disease. Previously, it has been reported that PI has anti-inflammatory properties and exerts beneficial effects in the cerebral [13] . Moreover, document studies have demonstrated picrasidine N and picrasidine G target multiple signaling pathways, such as: PARP-1and EGFR/STAT3 signaling pathway [14, 15] . Here we have demonstrated for the first time that PI has effects on bone metabolism. Our results showed that PI not only inhibited multiple down stream signaling pathways of RANKL, which including MAPKs/cFos/NFATc1 and NF-κB, but also effectively decreased ROS in OBs for signal crosstalking of regulating osteoclastogenesis (Fig. 7) .
Binding of RANKL to RANK is an essential initial step in the OCs development. It causes recruitment of TRAF6 and activation of downstream critical signaling such as MAPKs and NF-κB [25] . Moreover, activated NF-κB and MAPKs can translocate to the nucleus and regulate various transcription factors, including c-Fos and NFATc1 [26] . Therefore, to determine whether PI targeted c-Fos/NFATc1 by inhibiting MAPKs and NF-κB signaling cascades, we primarily examined the effects of PI treatment on the expression of c-Fos/NFATc1 during RANKL-induced osteoclastogenesis. Our study demonstrates the reduced c-Fos expression in PI treated OC precursor cells, which suggested cause by the impaired activation of NFATc1 responsible for the inhibition of RANKL-induced OCs formation. Moreover, MAPKs family members (p38, ERK and JNK) are proline-directed serine/threonine kinases that play important roles in OCs growth, differentiation, and apoptosis [27] . In that, ERK signaling is involved in the cell proliferation and differentiation, and the expression of p-ERK can induce the OCs proliferation and differentiation [28] . JNK signaling and p38 signaling play signaling a key role in the process of OCs formation, both of them can regulate downstream master transcription factors c-Fos/NFATc1 which can promote OCs differentiation [29] . By using the specific inhibitor of the p38, ERK and JNK, the results of our study demonstrated that PI inhibits RANKL-mediated OCs differentiation by inhibiting activation of the MAPKs. Furthermore, the classic NF-κB signaling pathway involves the activation of the inhibitor of κB (IκB) kinase (IKK) complex that then phosphorylates IκBs, targeting them for ubiquitindependent degradation [25] . Our results showed that PI suppressed the phosphorylation of p-p65, leading to reduced cytoplasmic degradation of IκB and the prevention of NF-κB's DNA-binding activity. These results demonstrated that the one of molecular mechanisms involved in PI inhibitory effects on osteoclastogenesis was initially via suppressing MAPKs and NF-κB siganling pathways then down-regulating the c-Fos/NFATc1.
Alternatively, OCs activity and function caused by various signaling pathways cross talking, previous study has demonstrated that ROS are involved in OCs activation and Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry bone loss stimulated by increased expression of RANKL from stromal/OBs [30] . Moreover, antioxidant treatments have been proved to be effective to rescue the bone loss induced by oxidative stress by decreasing the NF-κB activation in OBs and RANKL expression in OBs [31] . Owing to the bioactivity property of agents from picrasma quassioides, and in order to clarify whether the downregulation effects of PI on osteoclastogenesis cross-talk with ROS signalling. We have further evaluated the effects of PI on antioxidant system in RANKL stimulated RAW 264.7 and H 2 O 2 stimulated OBs. We found that PI significantly decreased ROS production. In summary, the present study indicates that PI attenuating osteoclastogenesis, possibly via inhibit the activation of MAPKs and NF-κB siganling pathways in BMMs and paralleled with attenuates ROS signalling pathway in OBs. Future research is needed to further explore the effect of PI on osteolysis in vivo, meanwhile, the pathways investigated in the current study should also be further confirmed. Our study highlights the bioactivity effects of agent from natural plant picrasma quassioides on bone metabolism, providing a new information of the PI on regulating osteoclastogenesis and identifying a potential natural compound for the treatment of osteoporosis. 
